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g^ : Abstract 

o 

w* . First of all, B -^ Dir and D*tt decays are studied phenomenologically and 

^O i possible lower bounds of the branching ratios, B{B^ -^ D^tt^) and B{B^ -^ 

0**^71^), are estimated from existing experimental data on branching ratios 

for the B -^ Dtt and D*tt decays. 

Then, B -^ Dtt, D*Tr, J/ipK and J/ipn decays are studied by decomposing 



(N 



> 

O 

OO ■ their amplitude into a sum of factorizable and non-factorizable ones. The for- 

^^ , mer is estimated by using the naive factorization while the latter is calculated 

by using a hard pion approximation in the infinite momentum frame. 

On ' The result is compared with the above phenomenological branching ratios 

(and their observed ones). The non-factorizable amplitude is rather small in 






the color favored B -^ Dir and L'*7r decays but can still efficiently interfere 
with the main (factorized) amplitude. In the color suppressed B -^ J/ipK and 



O-t. 

Q I J/il^TT decays, non-factorizable contribution is more important. A sum of the 

1^ ' factorized and non-factorizable amplitudes can improve the result from the 

factorization, although the amplitudes for the color suppressed B^ — > D^tt^ , 

^ ■ D*^iT^ and B -^ J /ifjK, J /ipir decays still include ambiguities arising from 

H , uncertainties of form factors involved. 
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I. INTRODUCTION 

Nonleptonic weak decays of charm and B mesons have been studied extensively |1],0 by 
using the so-called factorization (or vacuum insertion) prescription Q . It has been supported 
by two independent arguments. One is the large Nc (color degree of freedom) argument 0] 
that the factorizable amplitude which is given by the leading terms in the large Nc expansion 
dominates in hadronic weak decays. The other is that it can be a good approximation under 
a certain kinematical condition [^, i.e., a heavy quark decays into another heavy quark 
plus a pair of light quark and anti-quark which are emitted colinearly with sufficiently high 
energies, for example, like 6 — *> c + {ud)i, where {ud)i denotes a color singlet (ud) pair. 

We, first, consider two body decays of charm mesons to check whether the large Nc 
argument works well or not in hadronic weak interactions, since the large Nc argument is 
independent of fiavors, i.e., if it does not work in charm decays, it does not work also in 
B decays. A naive application of the factorization prescription to charm decay amplitudes 
leads to the color suppression [suppression of color mismatched decays, D^ —>■ K^tc^, K*^tt^, 
etc., described by c -^ {sd)i + u]. It means, for example, that the amplitude for the decays 
of charm mesons into isospin I = \ (Kti) final states is approximately cancelled by the one 
into I = ^ final states and hence the phases of these amplitudes are nearly equal to each 
other. Therefore the factorized amplitudes for two body decays of charm mesons should be 
approximately real except for the overall phase. However the observed decay rates for these 
decays are not always suppressed and the amplitudes for D -^ Ktc and K*it decays have 
large phase differences between the amplitudes for decays into the I = ^ and I = ^ final 
states 0. To get rid of this problem, the factorization has been implemented by taking 
account for final state interactions. However, amplitudes with final state interactions are 
given by non-leading terms in the large Nc expansion. Therefore the large Nc argument does 
not work well in charm decays and hence also in B decays. 

It appears that, in B —>■ Dir [and D*7r] decays, the color suppression works well and the 
phase differences between amplitudes for decays into I = \ and I = \ final states are small. 
To see it explicitly, we parameterize the amplitudes for these decays as 

A{B' -. dW+vt-) = ^^'e^'"' + ^AWe^4^ (i) 

^(^0 ^ ^Ho ^0 ) ^ _ /|^He4*' + Jl^We^^" , (2) 

A[B- -^ Z}W°7r-) = V3AWe'4*', (3) 

where ^2/ ^ ^^^ ^21 ^ ^^^ isospin eigen amplitudes for the B -^ D^*^7r decays and their phases, 
respectively. Taking positive values of the ratio of isospin eigen amplitudes, r'*' = ^3 /A^* , 
we obtain 



where 



^[*] ^ ^H _ ^H and rl* 



\ Q PW dW I Q dW 1 



(5) 



Here Rq_ and Rqq are ratios of decay rates, 

^0- - r(fi- ^ Z^HOyr-) ^"""^ ^oo-r(50^DW+7r-)- ^^ 

Values of -Rgi and i?oo can be estimated phenomenologically from the experimental data 
on branching ratios for B -^ D^*^tt decays in Table II as 

i?o- = 0.58 ± 0.10, Roo < 0.04, (7) 

i?o- = 0.61 ± 0.08, i?oo<0.16. (8) 

However, these values of Rq- and i?oo [Rq- ^^^ -^oo] ^^^ ^^^ always compatible with each 
other. If all the above values of i?[*l's are accepted, then the right-hand-side (r.h.s.) in Eq.(^ 
is not always less than unity. It is satisfied in more restricted regions of R^*\ i.e., approxi- 
mately, 0.04 > Roo > 0.02, 0.68 > i?o- ^ 0.61 for the B ^ Dn decays and 0.16 > i?*o > 
0.02, 0.69 > -Rq- ~ 0.53 for the B -^ D*n decays. These values of i?[*l lead approximately 
to the following phenomenological branching ratios, 0.34 ^ B{B^ -^ D"'"7r~)ph ^ 0.28 and 
0.012 > B{B^ -^ l^°7r°)ph > 0.007, and 0.044 > 5(5° -^ D*^n%^ > 0.004, when the exper- 
imental data, B{B- ->_D°7r-)cxpt = 0.53 ± 0.05 and B{B- -^ /^*°7r-)expt = 0.46 ± 0.04, are 
fixed. Here we put B{B^ -^ D*+7r")ph = B{B^ -^ -D*+7r")cxpt since cos(5*) < 1 is satisfied 
for all the experimentally allowed values of Ro_. The allowed values of cos((5) are limited 
within a narrow region, 0.96 ^ cos((5) < 1 in which cos((5) is very close to unity while 
cos((5*) is a little more mildly restricted (at the present stage) compared with the above 
cos(5), i.e., approximately, 0.70 ^ cos(5*) < 1. Therefore, the color suppression works well, 
at least, in i? ^ D-k decays and the phase difference 5 is very small. In this way, it will be 
understood that the factorized amplitudes are dominant only in some specific decays like 
the B — > Dtt decays but it is still a little ambiguous in the B ^ D*7i decays. 

In this article, we study B -^ Dn, D*n, J/ipK and J/V'tt decays. In the next section, 
we will present our basic assumption and review briefly the effective weak Hamiltonian. In 
Sec. HI, the B -^ D-k and D*7r decays will be studied by decomposing their amplitude 
into a sum of factorizable and non-factorizable ones. The former will be estimated by using 
the naive factorization while the latter is calculated by using a hard pion approximation in 
the infinite momentum frame. In Sec. IV, the color suppressed decays, B -^ J /ipK and 
B^ -^ J/ifj-K^ , will be investigated in the same way. A brief summary will be given in the 
final section. 



II. BASIC ASSUMPTION AND EFFECTIVE WEAK HAMILTONIAN 

Our starting point to study nonleptonic weak processes is to decompose their ampli- 
tude into a sum oi factorizable and non-factorizable ones ^. Therefore, the effective weak 
Hamiltonian should be divided into the corresponding parts, 

Hu, = (-f^u;)FA + (-f^«))NF, (9) 

where {Hw)pp^ and {H^)-^p are responsible for factorizable and non-factorizable amplitudes, 
respectively. The factorizable amplitude is estimated by using the naive factorization [|l],§. 



Then, assuming that the non-factorizable aniphtude is dominated by dynamical contribu- 
tions of various hadrons ^ and using a hard pion approximation in the infinite momentum 
frame (IMF) [0,0 , we estimate the non-factorizable amplitudes. The hard pion amplitude 



will be given by asymptotic matrix elements of (if^)NF [matrix elements of (if^)NF taken 
between single hadron states with infinite momentum]. 

Before we study amplitudes for B decays, we review briefiy the \AB\ = 1 effective weak 
Hamiltonian. Its main part is usually written in the form 

H^ = -|KdHc{ciOi + C2O2} + h.c, (10) 

where the four quark operators Oi and O2 are given by products of color singlet left-handed 
currents, 

Oi =: {cb)v^A{du)v-A '■ and O2 =: {cu)v-A{db)v-A '■ ■ (H) 

Vij denotes a CKM matrix element [|T^] which is taken to be real since CP invariance is 
always assumed in this paper. 

When we calculate the factorizable amplitudes for the B -^ D^*^n decays later, we use, 
as usual, the so-called BSW Hamiltonian |1|,0| 

^Bsw ^ 9Zv^,V,,{a,0, + a202} + h.c. (12) 

which can be obtained from Eq.(|10|) by using the Fierz reordering. The operators Oi and 
O2 in Eq.(|l2D should be no longer Fierz reordered. We, therefore, replace (-ff^)FA by H^^^ . 
The coefficients ai and 02 are given by 

ai=ci + -^, a2 = C2 + ^, (13) 

where Nc is the color degree of freedom. 

When H^^^ is obtained, an extra term which is given by a color singlet sum of products 
of colored currents, 

H^ = ^KdKfefcsOi + C1O2} + h.c, (14) 

comes out, where 

Oi = 2 ^ : {ct%)v^A{dt''u)v-A ■■ and O2 = 2 ^ : {ct''u)v-A{dt%)v-A ■ (15) 

a a 

with the generators f^ of the color SUc{Nc) symmetry. To describe physical amplitudes 
for B decays by matrix elements of H^, soft gluon(s) should be exchanged between quarks 
which belong to different meson states. Therefore, amplitudes given by H^ correspond to 
non-leading terms in the large N^ expansion and not factorizable so that (if^)NF is now 
replaced by H^. 



III. B ^ Dtt and D*Tr DECAYS 

The factorization prescription in the BSW scheme leads to the following factorized am- 
plitude, for example, for the B~{p) -^ D^{p')TT^{q) decay, 

= ^V,tVud{ai{7r-{q)\{du)v-A\0){D''{p')\{cb)v-A\B-{p)) 

+a2{D%p')\{cu)v-A\0){7r-iq)\{db)v^A\B-ip))}. (16) 

Factorizable amplitudes for the other B -^ Dir and D*7t decays also can be calculated in the 
same way. To evaluate these amplitudes, we use the following parameterization of matrix 
elements of currents in Ref . , 

{niq)\A^\0) = -^Uq,, (17) 

{D{p')K\B{p)) = [(p + pX - "^^^^Q^jF^iq^) + ^^^^^q,Fo{q% (18) 

{D*{p')\A^\Bip)) = iimB + mn^)e;ip')Mq') - '^^^^'^ {p + p'),A,{q^) 

-2mD*^—^qf,A3{q')\+2mD*^—^q^Ao{q^), (19) 

where q = p — p' and the form factors satisfy 

Fi(0) = Fo(0), A,{0)=AoiO). (21) 

To get rid of useless imaginary unit except for the overall phase in the amplitude, however, 
we adopt the following parameterization of matrix element of vector current |T^ , 

{Vip')\V\0) = -tfvmve*(p'). (22) 



As stressed in Ref. [0 , the above matrix element of vector current can be treated in parallel 



to those of axial vector currents in Eq.([T7|) in the infinite momentum frame (IMF). Using 
these expressions of current matrix elements, we obtain the factorized amplitudes for B — »• 
Dn and D*Tr decays in Table I, where we have put m^ = 0. 

Before we evaluate numerically the factorized amplitudes, we study non-factorizale ampli- 
tudes for B -^ Dtt and D*7r decays. To this, we assume that the non-factorizable amplitudes 
are dominated by dynamical contributions of various hadron states. Then they can be esti- 
mated by using a hard pion technique in the IMF; i.e., p ^ oo 0,0. It is an innovation 



of the old soft pion technique [|T^]. In our hard pion approximation, the non-factorizable 
amplitude for the B(p) -^ D^*^(p')iT(q) decay is given by 

Mnf(5 -^ D^*^n) ~ Metc(5 ^ D^*^tt) + Ms(i? -^ D^*^tt). (23) 

The equal-time commutator term (Metc) and the surface term (Ms) are given by 



Table I. Factorized amplitudes for B -^ Dn and D*7C decays where ml 
CKM matrix elements are factored out. 
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and 



Metc(5 ^ DWtt) = -{D^*^\[V,,H^]\B) 

JTT 



Ms{B -^ dWtt) 




{D^*^\A^\n){n\H^\B) 






m 
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(24) 



(25) 



respectively, where \Vt, + A^, iJ^„] = has been used. (See Refs. |]TD[ and [^ for notations.) 
The equal-time commutator term, Metc^ has the same form as the one in the old soft pion 
approximation but now has to be evaluated in the IMF. The surface term, Ms, is given by 
a divergent of matrix element of T-product of axial vector current and Hyj taken between 
{D^*^\ and \B). However, in contrast with the soft pion approximation, contributions of single 
meson intermediate states can now survive when complete sets of energy eigen states are 
inserted between these two operators, and give a correction to the soft pion approximation. 
(See, for more details, Refs. [|10[ and |11|].) Therefore, Ms is given by a sum of all possible 
pole amplitudes, i.e., n and / in Eq.(p5D run over all possible single meson states, not only 



ordinary {gg}, but also hybrid {qqg}-, four-quark {qqqq}., glue-balls, etc. However, n and I 
as well as the external states are energy eigen states in the present case so that the states 
which sandwich i7^ should conserve their spin in the rest frame. Since we consider Lorentz 
invariant amplitudes, we should pick up n and / which conserve their spin |]T5[, although the 



amplitudes are now treated in the IMF. Therefore, we drop, for example, vector meson pole 
contributions to the w-channel of pseudo scalar meson decays into two pseudo scalar meson 
states, although they have been taken into account for long time ||16|| . 

Since the B meson mass ms is much higher than those of charm mesons and since wave 
function overlappings between the ground-state {qq}^ and excited-state-meson states are 
expected to be small, however, excited meson contributions will be small in these decays 
and can be safely neglected. Therefore the hard pion amplitudes as the non-factorizable long 



distance ones are approximately described in terms of asymptotic ground-state-meson ma- 
trix elements (matrix elements taken between single ground-state-meson states with infinite 
momentum) of K-, A^ and H^- 

Amplitudes for dynamical processes of hadrons can be decomposed into {continuum con- 
tribution) + {Born term). Since Ms is given by a sum of pole amplitudes, Metc corresponds 



to the continuum contribution |jT^ which can develop a phase relative to the Born term. 
Therefore we parameterize the ETC terms using isospin eigen amplitudes and their phases. 
Since the Dn final state can have isospin / 



I and |, we decompose Metc's as 
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(27) 
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(21) ~ 

where M^xc's are the isospin eigen amplitudes with isospin / and (52/'s are the corresponding 

phase shifts introduced. In the present approach, therefore, the final state interactions are 

included in the non-factorizable amplitudes. This is compatible with the fact that amplitudes 

with final state interactions are given by quark line diagrams which belong to non-leading 

terms in the large A''^ expansion. 

Asymptotic matrix elements of \4 and A.^ are parameterized as 



(7r°|K+k") = V2(i^+|K+|i^°) = -V2(/^+|K+|/^°) = V2(fi+|K+|5°) = ■ 
(p^TT+k^) = v^(ir*+|A,+ |K°) = -v^(Z^*+|A,+ |D°) = \/2(fi*+|A,+ |5°) 



-- 72, (29) 
• • = /i, (30) 

where K-'s and A^r's are isospin charges and their axial counterpart, respectively. The above 



parameterization can be obtained by using asymptotic SUf{5) symmetry |jT8|, or SUf{5) 
extension of the nonet symmetry in SUf{3). Asymptotic matrix elements of V^ between 
vector meson states can be obtained by exchanging pseudo scalar mesons for vector mesons 
with corresponding flavors in Eg . (p9|) , for example, as vr^'" — >■ p°'~, etc. The S'f/j(4) part 
of the above parameterization reproduces well ||IT| , p!9| the observed values of decay rates, 
T{D* -^ Dn) and T{D* -^ D-f). 

In this way we can describe the non-factorizable amplitudes for the B -^ Dn decays as 
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where the ellipses denote the neglected pole contributions. 

In the case of the B -^ D*n decays, the matrix element {V\Hy^\P) should vanish because 
of conservation of spin so that Metc{B -^ D*n) also should vanish but now D and B* poles 
in the s- and u-channels, respectively, survive, i.e.. 
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where the eUipses denote the neglected excited meson contributions. Therefore the non- 
factorizable amphtudes in the hard pion approximation are controlled by the asymptotic 
ground-state- meson matrix elements of H^ (and the possible phases). 

Now we evaluate the amplitudes given above. The factorized amplitudes in Table I 
contain many parameters which have not been measured by experiments, i.e., form fac- 



T7DB 
^0 



{q' 



A^*^(g^), Ff'^(g^), etc., and decay constants, fo, fhi Ib, etc. The form 
factors Fq^^(O) and Aq*^{0) can be calculated by using the heavy quark effective theory 



tors, 



(HQET) pO||. The other form factors are concerned with light mesons and therefore have 
to be estimated by some other models. In color favored decays, main parts of the factorized 
amplitudes depend on the form factor, Fq^^(O) or Aq*^{0), and the other form factors are 
included in minor terms proportional to a2. Therefore our result may not be lead to serious 
uncertainties although some model dependent values of the form factors are taken. (We will 
take, later, the values given in Ref. PT|.) In the color suppressed 5° — > Dn^ and D*^n^ 



decays, however, the factorized amplitudes are proportional to the form factors, Fq [mjy) 
and Ff^( 



m 



D* 



respectively. Since their values are model dependent, the result on the 
color suppressed decays may be a little ambiguous, if non-factorizable contribution is less 
important. For the decay constants of heavy mesons, we assume fo — fo* (and /^ ~ fs*) 
since D and D* {B and B*) are expected to be degenerate because of heavy quark symme- 
try pO| and are approximately degenerate in reality. Here we take fn* — fo — 211 MeV 
and Jb* — J'b — 179 MeV from a recent result of lattice QCD |^2[. In this way, we can 
obtain the factorized amplitudes in the second column of Table II, where we have neglected 
very small annihilation terms in the 5° -^ D^vr^ and 0*^71^ decay amplitudes. 

To evaluate the non-factorizable amplitudes, we need to know the size of the asymptotic 
matrix elements of if^ and A^ taken between heavy meson states. The latter which was 
parameterized in Eq.(pOD is estimated to be \h\ ~ 1.0 |10|,[Tl[] by using partially conserved 
axial-vector current (PCAC) and the observed rate 0], T{p -^ 'n"n')expt — 150 MeV. For 
the asymptotic matrix elements, {D^\Hyj\B^) and {D*^\Hj^\B*^), we treat them as unknown 
parameters and search phenomenologically for their values to reproduce the observed rates 
for the B -^ D^*'^Tr decays. To this, we parameterize these matrix elements using factorizable 
ones of H^^^ as {D^*^^\H^\B^*^°) = Bh{D^*^°\H^^^\B^*^°)fa where Bh is a parameter 
introduced and, for example, 

{D^ia^'^^mFA = %V^M'^^^^V^)fDfBa,. (37) 



In this way, we obtain the hard pion amplitudes as the non-factorizable contributions listed 
in the third column of Table II, where the CKM matrix elements have been factored out. 



Table II. Factorized and non-factorizable amplitudes for the B 
decays. The CKM matrix elements are factored out. 
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We now compare our result on the branching ratios, B[B ^f Dtt) and B{B -^ D*7r), with 
experiments, taking a sum of the factorized amplitude (the second column in the Table II) 
and the non-factorizable amplitude (the third column in Table II) as the total one. To this, 
we determine values of parameters involved. We take Vcb = 0.0395 from the updated value 
iKfel = 0.0395 ± 0.0017 0. For the coefficients ai and 02 in H^^^ , we do not know their 
true values. According to Ref. [^, NLO corrections to ai are small while corresponding 



corrections to 02 may be not much smaller compared with the LO corrections and depend 
strongly on the renormalization scheme. Therefore, we expect that the value, ai = 1.024, 
with the LO corrections EM is not very far from the true value and we take conservatively the 
above value of Oi. For 02, however, we consider two cases. We take 02 = 0.125 with the LO 
QCD corrections |^ as the case (i) and then we treat it as an adjustable parameter around 
the above 02 = 0.125 as the case (ii). For the phases 61 and ^3 arising from contributions of 
non-resonant multi-hadron intermediate states into isospin I = \ and | final states, they are 
restricted in the region \52i\ < 90° since resonant contributions have already been extracted 
as pole amplitudes in Ms although their contributions are neglected as discussed before. For 
Bh, we here treat it as a free parameter. 

We now search for values of parameters, 61, 63 and Bh in the case (i), and 02, 61, 63 and 
Bh in the case (ii), to reproduce the phenomenologically estimated branching ratios (from 
the observed ones) for the B -^ D^*^n decays. Large 5i, (90° > 61 ^ 60°), and small {Ssl are 
favored but our result is not very sensitive to the latter. For the Bh parameter, Bh — 0.40 
in (i) but smaller values, 0.2 ^ Bh ^ 0.1, in (ii) are favored. We list our results on the 
branching ratios in (i) Oi = 1.024, 02 = 0.125, 61 = 85°, ^3 = —5° and Bh = 0.40, and (ii) 
ai = 1.024, 02 = 0.19, 61 = 85°, S3 = —5° and Bh = 0.15 in Table III, where we have used the 
central values, V^ = 0.0395, Kd = 0.98, t{B-) = 1.65 x lO'^^ g ^^^^ ^(^j^o^ ^ ^^g ^ lO"^^ ^^ 
of their experimental data. BpA and Btot are given by the factorized amplitude and a sum 
of the factorized and non-factorizable ones, respectively. Values of i?ph have been obtained 
phenomenologically from -Bexpt i^ Sec. I. -Bfa, in which the non-factorizable contributions 
are neglected, can reproduce fairly well the existing data. However, if we add the non- 
factorizable contributions, we can improve the fit to the phenomenologically estimated Bp^ 
in both cases, (i) and (ii). It is seen that the non-factorizable contributions to the color 
favored B -^ Dtt and D*7i decays are rather small but still can interfere efficiently with the 
main amplitude given by the naive factorization. 



9 



Table III. Branching ratios (%) for B -^ Dn and D*7T decays where the central 
values of experimental data 0, Vcb = 0.0395, Vud = 0.98, t{B~) = 1.65 x 
10-^2 g and r(5°) = 1.56 x 10"^^ g^ ^ave been used. Oa = 0.125 with the LO 
QCD corrections and Bh = 0.40 in (i) and phenomenological 02 = 0.19 and 
Bh = 0.15 in (ii) have been taken, respectively, but ai = 1.024, 61 = 85°, 
63 = —5° in both cases. -Bfa and Btot are given by the factorized amplitude and 
a sum of the factorized and non-factorizable ones, respectively. The values of 
phenomenologically estimated i?ph have been given in the text. 
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B{B° -^ D*+n~) 


(i) 
(ii) 


0.26 
0.25 


0.30 
0.27 


0.276 ±0.021 


0.276 ±0.021 


B{B'> -^ D*%'>) 


(i) 
(ii) 


0.002 
0.005 


0.002 
0.005 


0.004 - 0.044 


< 0.044 


B{B'^ -^ D*%-) 


(i) 
(ii) 


0.37 
0.42 


0.43 
0.45 


0.46 ± 0.04 


0.46 ± 0.04 



IV. B -^ J/ipK AND J/ijTT DECAYS 

Now we study Cabibbo-angle favored B — >• J/ipK and suppressed B~ — > J/ipn' decays 
in the same way as in the previous section. Both of them are color suppressed and their 
kinematical condition is much different from the color favored B —>■ Dtt and D*7c decays at 
the level of underlying quarks, i.e., b — > (cc)i ± s in the former but b ^ c + {ud)i in the 
latter. Therefore, dominance of factorized amplitudes in the B -^ J/ipK and B^ -^ J/^vr" 
decays has no theoretical support and hence non-factorizable long distance contribution may 
be important in these decays. 

The factorized amplitude for the B -^ J/ipK decays is given by 



Mfa{B -^ J/^K) 



C 

-iVcbVcs[—^a2UFl 



KB, 



m. 



\,)}2m^e\p') 



■p. 



(38) 



The value of the decay constant of J/?/' is estimated to be /^ ~ 380 MeV from the observed 
rate for the J /ip -^ t^i~ . The value of the CKM matrix element Vcs is given by Vcs — 
Vud — 0.98. The value of the form factor F^^{mV) has not been measured and its theoretical 



estimates are model dependent. We pick out tentatively the values of Ff (m^) based on 
the following five models, i.e., BSW [g, GKP 0, CDDFGN [g§], AW J5§ and ISGW [g^, 
and list the corresponding Bya{.B -^ J /ipK) in Table IV, where we have used Vcb = 0.0395, 
r^ = 1.65 X 10~^^ s, Tjjo = 1.56 x 10~^^ s as before. For 02, we consider again two cases, i.e.. 
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Table IV. Branching ratios (%) for the B -^ J/ipK decays where the values of 



Fl 



KB, 



m. 



i>- 



estimated in the five models 

El 



BSW, GKP, CDDFGN, AW and ISGW, 

2^ and |^, respectively, are used. Values of the other 

Bh has been 



in Refs. §, [g4 

parameters involved are the same as in Table III, where B'^ 

assumed. The data values are taken from Ref. 



Models 


BSW 


GKP 


CDDFGN 


AW 


ISGW 


i^i""K) 


0.565 


0.837 


0.726 


0.542 


0.548 


-BpA 


(i) 
(ii) 


0.015 
0.034 


0.032 
0.075 


0.024 
0.056 


0.014 
0.031 


0.014 
0.032 


Btot 


(i) 
(ii) 


0.040 
0.052 


0.066 
0.101 


0.055 
0.079 


0.038 
0.049 


0.038 
0.050 


Experiment 


B{B- -^ Jj^K-) = (0.099 ± 0.010) % 
5(^0 ^ J/i,K^ ) = (0.089 ± 0.012) % 



(i) a2 = 0.125 and (ii) 02 = 0.19. The results (-Bfa) from the factorized amplitudes for the 



values of F^ 



KB I 



mt 



listed in Table IV are considerably smaller (except for the GKP [^ 



than the observations 0], 



B{B- 
BiB'^ 



J/tpK )expt 
J/V^ir°)expt 



(0.099 ± 0.010) % 
(0.089 ±0.012) %. 



(39) 



Non-factorizable contributions to these decays are estimated by using a hard kaon approx- 
imation which is a simple extension of the hard pion technique in the previous section. With 
this approximation and isospin symmetry, non-factorizable amplitude for the B -^ J/ipK 
decays is given by 



Mnf(5 -^ J/ipK) 



I 



K 



\H^\Br) 




(40) 



where the ellipsis denotes neglected contributions of excited mesons ^8\ and {Bg\VK+\B^) = 
—1 and ^/2{B*^\Ax+\B^) = —h which are flavor SUf{3) extensions of Eqs.(^) and ( |30D have 
been used. Asymptotic matrix element, {ip\Hw\B*^) , is parameterized in the same way as 
{D*^\Hy^\B*^) before. Then the total amplitude for the B — > J/ipK decays is approximately 
given by 



MtotiB -^ J/i,K) ~ -iV,,V,s{^.nFi 



^^H) 



5.16S^}a2 X 10~^ GeV 



(41) 



where Jk ^ 160 MeV and /sj ~ fs, ^ 204 MeV from the updated lattice QCD result |2| 
have been taken. B'^j is a parameter corresponding to Bh-, i.e.. 



H^\Bf)=B', 



H\ 



\H^ 



BSW\ D*0 



Bf) 



FA- 



(42) 



When we take 02 = 0.19 and B'jj = 0.15 as before, we can reproduce considerably well the 
existing experimental data on the B —>■ J/tpK decays by i?tot although the result depends 
sharply on the values of the form factor F^^{mV). 
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For the Cabibbo-angle suppressed B — > J/^vr , the same technique and values of 
parameters as the above lead to 

Mtot(5- ^ J/^TT-) ~ -tV,tV,45.73F^''{ml) + 5A6B'j,}a2 x 10^^ GeV. (43) 

Using F^^im^) ~ F^^{m'i) expected from SUf{3) symmetry, we obtain 



5tot(5- ^ J/^TT- 



Vcd^ 



Vr. 



BtotiB- -^ J/i,K~) (44) 



which is well satisfied by experiment [0. Btot{B^ — > J/ijjtt') from the amplitude Eg. (^31) 
which includes both of the factorized amplitude and the non-factorizable one can reproduce 
the existing experimental data 0, 

B{B- -^ J/^7r-)expt = (5.0 ± 1.5) x 10-^ (45) 

by taking (i) a2 = 0.125 and B'jj = 0.40, and (ii) a2 — 0.19 and 5^ = 0.15 as before, 
although B'fj = Bh is not necessarily required. 



V. SUMMARY 

In summary, we have investigated the B — >■ Dn and D*7f and found that the existing data 
on their branching ratios are not always compatible with each other, i.e., the r.h.s. of Eq.(^ 
is over unity for some values of Rqq and Rq_. Then we have obtained phenomenologically 
allowed values of their branching ratios, -Bph, which keep the r.h.s. of Eq.(^ approximately 
less than unity. Next, we have studied the B -^ Dn, D*7t, J/ipK and J/ipii' decays 
describing their amplitude by a sum of factorizable and non-factorizable ones. The former 
amplitude has been estimated by using the naive factorization while the latter has been 
calculated by using a hard pion (or kaon) approximation in the infinite momentum frame. 
The so-called final state interactions (corresponding to the NLO terms in the large N,, 
expansion) have been included in the non-factorizable long distance contributions. The non- 
factorizable contribution to the color favored B -^ Dtt and D*n decays is rather small and 
therefore the final state interactions seem to be not very important in these decays although 
still not necessarily negligible. By taking ai ~ 1.024 with the LO QCD corrections and 
the phenomenological 02 — 0.19 which has been suggested previously pT| , |29| , the observed 
branching ratios for these decays can be well reproduced in terms of a sum of the hard 
pion amplitude and the factorized one. Namely, the factorized amplitudes are dominant but 
not complete and long distance hadron dynamics should be carefully taken into account in 
hadronic weak interactions of B mesons. 

In color suppressed B^ -^ D^tt^, B -^ J/ipK and J/ipn' decays, non-factorizable long 
distance contributions are more important. In particular, in the B —>■ J/ipK decay, long 
distance physics should be treated carefully. When 02 — 0.125 with the LO QCD corrections 
is taken instead of the phenomenological a2 — 0.19, it may be hard to reproduce the observed 
values oi B{B —>■ J/ipK) and B{B^ —>■ J/ipTT') even by taking a sum of factorized and non- 
factorizable amplitudes as long as 5^ = B^ ^ 0.4 is taken. 
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The non-factorizable amplitudes are proportional to asymptotic ground-state-meson ma- 
trix elements of if^, i.e., Bh or B'^j. To reproduce large rates for the color favored B -^ Dtt 
and D*7i decays, the non-factorizable contributions are needed {B^ ^ 0) while too large 
values of B^ and B'^ will lead to too large rates for the color suppressed decays. However, 
their numerical results are still ambiguous since the amplitudes for the color suppressed 
decays depend sharply on model dependent form factors. 

Therefore more precise measurements of branching ratios for the color suppressed decays, 
in particular, B{B ^ D^n^), are useful to determine the non-factorizable long distance 
contributions in hadronic weak decays of B mesons. 
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